Background
==========

Lung cancer is a malignant tumor that causes millions of deaths each year worldwide. Non-small cell lung cancer (NSCLC) accounts for about 80% of all lung cancer cases, and around half of patients with stage I NSCLC die within 10 years after diagnosis \[[@b1-medscimonit-25-977],[@b2-medscimonit-25-977]\]. Significant progress has been made in surgery, chemotherapy, radiotherapy, and new therapeutic strategies, but only 5--10% of NSCLC patients have long-term survival \[[@b3-medscimonit-25-977]\]. Treatment failure and poor prognosis of NSCLC are due to local and distant metastases \[[@b4-medscimonit-25-977]\].

Local invasion is regarded as the first step in malignancy, leading to distant metastasis. The epithelial-mesenchymal transition (EMT) plays a critical role in tumor invasion and metastasis. Currently, E-cadherin is considered as an inhibitor of tumor progression and invasion \[[@b5-medscimonit-25-977]\]. In fact, transcription inhibition has become accepted as a basic mechanism contributing to the inhibition of E-cadherin during tumor progression. As a transcription factor, Twist is believed to play an important role in tumor progression through inhibition of E-cadherin, with potential clinical significance \[[@b6-medscimonit-25-977],[@b7-medscimonit-25-977]\]. The Twist-like proteins Twist-1 and Twist-2 (previously known as Dermo-1) belong to the basic helix-loop-helix (bHLH) family and are highly-conserved transcription factors characterized by targeting the basic deoxyribonucleic acid (DNA) binding domain of E-box sequence 59-CANNTG. In mammals, Twist-1 and Twist-2 are highly homologous in structure. The N-termini of Twist-1 and Twist-2 are more divergent, and they lack a glycine-rich region \[[@b8-medscimonit-25-977]\].

Even without transformation ability, Twist-1 and Twist-2 can bind to activated oncoprotein to promote EMT. Recently, Twist has been determined as the key regulatory factor for oncogene and cancer metastasis. Inhibiting Twist expression can suppress the metastasis of 4T1 cells from the breasts of BALB/c mice to the lungs. However, whether Twist could be used as a prognostic marker in lung cancer remains controversial. A previous study \[[@b9-medscimonit-25-977]\] demonstrated that Twist expression probably did not predict the survival of NSCLC, while another study \[[@b10-medscimonit-25-977]\] showed a correlation of Twist expression with prognosis. In addition, Hung et al. \[[@b11-medscimonit-25-977]\] showed that Twist is associated with shorter overall survival (OS), and its overexpression does not affect recurrence-free survival. The present retrospective study evaluated whether Twist could be used as a prognostic factor in NSCLC patients, and explored its correlations with pathological and CT characteristics.

Material and Methods
====================

Clinical data
-------------

We collected data on 120 patients with lung cancer admitted in our hospital from January 1, 2008 to December 31, 2012. We also collected 120 samples of NSCLC tissues and 120 samples of corresponding non-tumor tissues, as well patient data ([Table 1](#t1-medscimonit-25-977){ref-type="table"}).

Inclusion criteria: (1) patients who fully understood this study and voluntarily signed the informed consent, (2) patients who were diagnosed with lung cancer via histology and/or cytology, (3) patients with definitely measurable lesions meeting the Response Evaluation Criteria in Solid Tumors (RECIST 1.1), and (4) patients with an expected survival time of more than 12 weeks.

Exclusion criteria: (1) patients undergoing surgery or radiotherapy at 4 weeks before enrollment, (2) patients who previously underwent chemoradiotherapy, or (3) patients with the second primary malignant tumor detectable in clinic, or other malignant tumors (except for adequately treated skin basal cell carcinoma or cervical carcinoma *in situ*) in the last 5 years.

This study was approved by the Review Committee of the Affiliated Hospital of Qingdao University. Informed consent was obtained from all participants.

Immunohistochemistry
--------------------

Paraffin-embedded specimens fixed in formalin were sliced into 4-mm sections, deparaffinized with xylene, and gradually re-hydrated in ethanol, followed by antigen retrieval in 0.01 moL/L citrate buffer (pH 6.0) under high pressure for 2 min. Immunostaining was conducted using the streptavidin-peroxidase (SP) method. The endogenous peroxidase activity was blocked using hydrogen peroxide (3%), and non-specific binding was reduced using normal goat serum followed by incubation of the sections with Twist (H-81) rabbit polyclonal antibody (diluted at 1: 100) (Santa Cruz, CA, USA) at 4°C overnight and subsequent peroxidase reaction using diaminobenzidine (DAB), counterstaining with hematoxylin, dehydration with ethanol, and fixation. All specimens were evaluated independently by 2 pathologists using the following criteria:

A total of 10 single fields of view were randomly selected from each glass slide. The scoring of Twist staining intensity was: 0 points (no signal), 1 point (weak), 2 points (moderate), and 3 points (strong). The scoring of percentage of positive cells was: 0 points (5%), 1 point (5--25%), 2 points (26--50%), and 3 points (\>51%). Both scores of each field of view were multiplied to obtain the final score (0--9 points), and the average value of 10 fields of view was the final score of one specimen. Finally, scores were categorized as: negative (−) was 0 points, low expression (+) was 1 point, moderate expression (++) was 2--4 points, and high expression (+++) was 6--9 points. Scores of tumor specimens (++) and (+++) indicated overexpression, while the scores (−) and (+) indicated normal expression.

CT examination
--------------

All patients underwent a chest enhanced CT examination.

Imaging diagnosis was based on the criteria in the *American Joint Committee on Cancer (AJCC) Cancer Staging Manual* (8^th^ edition). Images were analyzed by 2 senior radiologists (above deputy senior title), and the postoperative pathological staging results were used as the criterion standard.

Follow-up
---------

Patients were comprehensively evaluated according to the patient's imaging examination data and the alternation of chemotherapy regimens combined with the general conditions and complications of patients. OS was recorded via data query and telephone follow-up. Non-neoplastic death, loss to follow-up, and survival for more than 5 years were classified into censored data.

Statistical analysis
--------------------

Statistical Product and Service Solutions (SPSS) software was used for the analysis of follow-up data in this study. The chi-square test was used to assess the correlation between Twist expression level and clinicopathological features of lung cancer patients. Survival curves were plotted using the Kaplan-Meier method and analyzed via log-rank test. All test methods were bilaterally distributed, and *p*\<0.05 suggested that the difference was statistically significant.

Results
=======

Twist expression in NSCLC
-------------------------

The Twist protein was mainly expressed in the cytoplasm, and immunohistochemical results revealed that the positive expression displayed brown yellow or dark brown staining ([Figure 1](#f1-medscimonit-25-977){ref-type="fig"}). The Twist expression was significantly higher in cancer tissues than in the control group, and later stages were associated with higher expression level (*p*\<0.05) ([Table 2](#t2-medscimonit-25-977){ref-type="table"})

Correlation between Twist expression and clinicopathological features
---------------------------------------------------------------------

The correlation between Twist expression and clinicopathological features was analyzed and showed that the Twist expression was associated with tumor stage, differentiation degree, and presence or absence of lymph node metastasis (*p*\<0.05), but had no correlations with the patient's sex, age, or histological type. The ratio of Twist overexpression was significantly higher in patients with stage III--IV (56.25%) than in patients with stage I (21.05%) and stage II (32.35%,*p*\<0.01). Twist overexpression rate was significantly higher in poorly-differentiated cancer tissues (66.67%) compared with well-differentiated (20.00%) and moderately-differentiated (26.79%) cancer tissues (*p*\<0.01). The Twist overexpression rate in the lymph node metastasis group (48.58%) was also higher than that in the non-lymph node metastasis group (24.0%, *p*\<0.01) ([Table 3](#t3-medscimonit-25-977){ref-type="table"})

Different CT manifestations
---------------------------

In the analysis of correlation between Twist expression intensity and CT characteristics, we found that grade-3 bronchial involvement, pleural indentation, and hilar and mediastinal lymph node enlargement were more frequent in the Twist high-expression group compared with the Twist low-expression group (*p*\<0.05) ([Table 4](#t4-medscimonit-25-977){ref-type="table"}).

Correlation between Twist expression and prognosis
--------------------------------------------------

To evaluate whether the Twist expression in NSCLC is correlated with patient prognosis, a Kaplan-Meier survival curve was plotted, revealing a significant correlation with the OS of patients (log-rank test, *p*\<0.001). The OS of patients with Twist overexpression was obviously lower than that of patients with normal Twist expression. The mean survival time was 69.8 months in Twist protein expression-negative patients and 45.8 months in Twist protein expression-positive patients (*p*\<0.01, [Figure 2](#f2-medscimonit-25-977){ref-type="fig"}).

Twist protein expression was compared in patients who were followed up for ≥4 years, and it was found that the positive expression rate of Twist protein in patients with survival time ≥4 years was remarkably lower than in patients with survival time \<4 years. The positive expression of Twist was significantly associated with long-term survival and prognosis (*p*\<0.01, [Table 5](#t5-medscimonit-25-977){ref-type="table"})

Discussion
==========

NSCLC is a major type of lung cancer and a primary cause of cancer-related deaths worldwide. EMT is believed to play a critical role in the regulation of tumor invasion and metastasis. It has been found that Twist, a highly-conserved bHLH transcription factor, induces cancer progression through EMT. In addition, Twist expression is demonstrated to be associated worse survival of patients with cancer, including lung cancer \[[@b12-medscimonit-25-977]\].

During tumor progression, the re-activation of EMT-inducible transcription factors Twist-1 and Twist-2 stimulates production of cells with self-renewal ability, which is beneficial for the growth of the primary tumor and the occurrence of secondary tumors. Twist is also known as Twist-1 \[[@b13-medscimonit-25-977]\] and its overexpression in several epithelial cancer cell types is demonstrated to be correlated with poor prognosis, which is related to its ability to promote EMT \[[@b14-medscimonit-25-977],[@b15-medscimonit-25-977]\]. New evidence suggests that Twist plays a role in oncoprotein, and its expression is positively correlated with metastasis and poor clinical prognosis of various human malignant tumors \[[@b16-medscimonit-25-977]--[@b19-medscimonit-25-977]\], including breast cancer, colorectal cancer, pancreatic ductal adenocarcinoma, and oral cancer.

Hui et al. proved that Twist overexpression is related to TNM stage, differentiation, and lymph node status in NSCLC patients, which is consistent with results of the present study, indicating that Twist is involved in the progression of NSCLC and acts as an independent biomarker for poor clinical prognosis \[[@b20-medscimonit-25-977]\].

Twist inhibits apoptosis of several human cancer cells, possibly through signaling pathways such as ARF/MDM2/p53, TNF-α, and IGF in osteoblasts and fibroblasts, but the mechanism of the Twist-related anti-apoptotic signaling pathway in lung cancer cells needs further study. A recent study revealed that Twist increases the activity of MMP9 in lung cancer H358 cells, and Twist-1 knockdown inhibits the invasion of lung cancer A549 and LTE cells, indicating that Twist-1 plays a critical role in cell invasion. Moreover, Twist also plays a role in embryogenesis and tumorigenesis, which is also involved in regulating cell invasion and metastasis. It was proved previously that Twist expression in NSCLC is significantly increased, which is related to the differentiation of NSCLC. In the present study, we found overexpression of Twist in 120 cases of NSCLC specimens, which was associated with advanced TNM stage, poor differentiation, lymph node metastasis, and lower survival rates of patients, which are consistent with conclusions in previous studies on primary NSCLC. Furthermore, it was found that Twist overexpression was correlated with the CT characteristics of a tumor, and the grade-3 bronchial involvement, pleural indentation, and hilar and mediastinal lymph node enlargement occurred more frequently in the Twist high-expression group compared with the Twist low-expression group. The above findings have not been reported in previous studies, and they provide a basis for early diagnosis of lung cancer. Due to the limited number of patients enrolled in the present study, large-cohort clinical studies are required to confirm the correlations of Twist expression with PET images to assess the diagnostic value of the combined examination of Twist expression with PET scan in lung cancer. However, if Twist expression is confirmed to be valuable for the diagnosis of lung cancer, the financial feasibility has to be considered in the future.

Conclusions
===========

Our study findings suggest that Twist is closely correlated with the clinicopathological and CT characteristics and prognosis of NSCLC, suggesting that Twist expression can be used as a biomarker for predicting the prognosis of patients with NSCLC.

**Source of support:** Departmental sources

**Conflict of interest**

None.

![(**A**) Twist is weakly expressed in normal tissues. (**B**) Twist is negatively expressed in lung cancer. (**C**) Twist is positively expressed in lung squamous carcinoma. (**D**) Twist is positively expressed in lung adenocarcinoma.](medscimonit-25-977-g001){#f1-medscimonit-25-977}
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###### 

Clinical data of patients enrolled.

                      Clinicopathological data   Case (n)   Ratio (%)
  ------------------- -------------------------- ---------- -----------
  Age (years old)     \>60                       50         41.7
  ≤60                 70                         58.3       
  Gender              Male                       81         67.5
  Female              39                         32.5       
  Pathological type   Squamous carcinoma         63         52.5
  Adenocarcinoma      57                         47.5       
  Clinical stage      Stage I                    38         31.7
  Stage II            34                         28.3       
  Stage III           47                         39.2       
  Stage IV            1                          0.08       

###### 

Twist expression in NSCLC group and control group.

                                 Twist protein expression   *p*   
  ------------------------------ -------------------------- ----- -------
  Lung cancer in stage I--II     32                         40    0.023
  Lung cancer in stage III--IV   10                         38    
  Control group                  18                         2     

###### 

Correlation between Twist expression and clinicopathological features.

  Feature                                        Case (n)   Normal Twist expression   Twist overexpression   *p*
  ---------------------------------------------- ---------- ------------------------- ---------------------- -------
  Sex                                                                                                        
   Male                                          81         48                        33                     0.436
   Female                                        39         26                        13                     
  Age                                                                                                        
   \>60                                          54         35                        19                     0.523
   ≤60                                           66         39                        27                     
  TNM stage                                                                                                  
   I                                             38         30                        8                      
   II                                            34         23                        11                     0.003
   III--IV                                       48         21                        27                     
  Differentiation degree                                                                                     
   Well differentiated                           25         20                        5                      
   Moderately differentiated                     56         41                        15                     0.000
   Poorly differentiated or no differentiation   39         13                        26                     
  Histological type                                                                                          
   SCC                                           63         38                        25                     0.750
   AC                                            57         36                        21                     
  Lymph node metastasis                                                                                      
   N0                                            50         38                        12                     0.007
   N1, N2, N3                                    70         36                        34                     

###### 

Correlation between Twist expression intensity and CT characteristics.

  CT characteristic                              Twist expression intensity   *p*        
  ---------------------------------------------- ---------------------------- ----- ---- -------
  Lobulated sign                                 32                           23    44   0.26
  Spicule sign                                   23                           19    21   0.32
  Grade-3 bronchial involvement                  26                           5     43   0.023
  Pleural indentation                            31                           11    34   0.021
  Hilar and mediastinal lymph node enlargement   29                           9     47   0.002

###### 

Correlation between Twist protein expression and 4-year survival rate of NSCLC patients.

  Survival time   Twist expression   χ^2^   *p*     
  --------------- ------------------ ------ ------- -------
  \>4 years       63                 17     6.497   0.001
  ≤4 years        11                 29             
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